Background: Information on the relationship between sleep duration and obesity among children in urban Guangzhou, China is limited. This study aims to examine the relationship between sleep duration and obesity in children aged 6-18 years. Methods: The sample consisted of 11,830 children aged 6-18 years. The children were randomly selected from 13 schools in three urban districts of Guangzhou. The study was conducted from September to November 2013. The height and weight of the children were measured. Adiposity status was estimated using body mass index and according to the cut point in China criteria. In the structured questionnaire, children reported daily sleep hours (less than 7 h, 7-9 h and more than 9 h), weekly food intake amount (including vegetables, fruit, sugar beverages and meat), physical activity and sedentary time. A caretaker would answer the questionnaire on behalf of a child aged below nine. Results: A total of 8,760 children (49.0 % boys) completed the study. The prevalence of obesity was 8.4 % (9.8 % in boys and 5.7 % in girls). Adjusted for age, diet and physical activity/sedentary behaviour, the odds ratio (OR) for obesity comparing sleeping <7 h (short sleep duration, SSD) with ≥9 h (long sleep duration, LSD) was 0.70 (95 % CI: 0.69-0.72) among boys and 1.73 (95 % CI: 1.71-1.74) among girls. Stratified by age, OR for boys aged 6-12 years comparing SSD with LSD was 0.60 (95 % CI: 0.55-0.66); by contrast, OR was 1.33 (95 % CI: 1.30-1.37) for boys aged 13-18 years. Conclusion: Short sleep duration is associated with increased chances of obesity among girls and 13-to 18-year-old boys, but the chances of obesity are decreased among 6-to 12-year-old boys. Age and gender should be regarded as specific characteristics for the effects of short sleep on obesity.
Background
Sleep is an important modulator of growth, maturation and health of children and adolescents [1] . However, as a hallmark of modern society, sleep duration is decreasing for both children and adults in the last few decades [2] . In the 1960s, the average sleep duration in the United States was more than 8 h [3] , but dropped to 7 h in 1995 [4] . In 2005, a survey conducted on children showed that the average sleep duration lasted from 8.4 h (11-12 years old) to less than 7 h (16-17 years old) in the United States [5] . Reports from China, Australia and other countries [6, 7] also indicated a decreasing sleep duration among children in recent years. Short sleep duration is indeed a global phenomenon.
Short sleep duration is associated with neuroendocrine and metabolic modification, including decreased levels of leptin, glucose tolerance and insulin sensitivity, as well as increased levels of ghrelin, hunger and appetite [8] . Moreover, evidence suggests the linkage between short sleep and specific behaviour, such as low physical activity and low consumption of fruit and vegetables [9] . Metabolic change and behaviour are strongly associated with obesity, and thus raise the concern if short sleep duration is a risk factor of childhood obesity.
Many studies have explored the relationship between sleep duration and obesity. Several cross-sectional studies have reported that short sleep duration is associated with childhood obesity [6, [10] [11] [12] [13] . With regard to prospective studies, a meta-analysis that reviewed 22 longitudinal studies revealed twice the risk of obesity in subjects reporting short sleep [14] . However, the age ranges within the published studies typically vary from preschool children to adolescents. Sleep duration changes as a child grows to adulthood and generally decreases when children get older [6] . However, reports using objective measurement indicated that sleep duration increases from mid-to late adolescence [15] . In this case, age should be considered when an epidemiologic study is conducted. Gender is another factor that should be taken into account. The requirements for daily sleep duration may also vary due to the different hormone levels of boys and girls. In addition, genderspecific factors that can influence the prevalence of obesity remain unknown. Moreover, obesity is not only affected by sleep, but is also modulated by physical activity, diet, habit and other behavioural factors that are difficult to quantify [16] .
Although the relationship between sleep duration and obesity has been extensively investigated in children, information on the age-and gender-specific effect is limited. Additionally, this association remains obscure in the Chinese children population. Given this background, we explored whether the relationship between sleep duration and obesity is age-and gender-dependent in the Chinese children. We conducted a cross-sectional study among children aged 6-18 years from September to November 2013 in the urban area of Guangzhou. Our study investigated (i) the up-to-date prevalence of obesity, (ii) distribution of sleep duration and (iii) association between obesity and short sleep duration in different age and gender groups. For possible confounding factors, we adjusted physical activity/sedentary behaviour and dietary intake.
Methods

Sampling and data sources overview
Data were obtained from the study of Student Constitution and Health, which was conducted in 2013 in Guangzhou, a city in south China. Multistage cluster sampling was used. Ten districts in Guangzhou were randomly selected by computer, and the random sequence of schools was computer-generated and stratified by (1) school district, (2) school grades (primary, middle, or high) and n school size in each district. All of the students in the selected schools in grades 1 to 12 were invited to participate in the survey. After a school is confirmed to be eligible, informed consent was obtained from parents and children. Thirteen schools, which included 11,830 children, agreed to participate in the study. The Ethical Committee of School of Public Health, Sun Yat-sen University approved this study.
Anthropometric measurement
Each child underwent an anthropometric measurement from September to November 2013. A qualified technician measured the children's height (centimetre, cm) and weight (kilogram, kg). All of the measurements were conducted in the school where the children studied. A metal column height measuring stand (precision: 0.1 cm) was used in measuring heights. Children were required to stand erect with back, buttocks and heels in continuous contact with the vertical height rod of the stadiometer and head orientated in the Frankfurt plane. The horizontal headpiece was then placed on top of the child's head to measure the height. When weight was measured, children were required to wear underwear and to stand on the lever scale (precision: 0.1 kg) at ease. The height and weight of each child were measured twice, and the average numbers were recorded to decrease error. Data of children suffering from obvious diseases or physical/mental deformities were excluded.
Questionnaire survey
A self-reported questionnaire was designed to obtain information on gender, date of birth, date of survey, daily food intake (including fruit, vegetables, sugar beverages and meat) daily physical activity/sedentary behaviour and daily sleep duration. From September to November 2013, inspectors who were familiar with the questionnaire went to schools and distributed the questionnaire. Children enrolled in the study were gathered and answered the questionnaire under supervision of the inspectors. Any question or confusion from children was clarified to ensure that every child understood all of the items. The completed questionnaires were checked for quality control. If the child was under nine years old, one of the parents would answer the questionnaire on the child's behalf to prevent inaccurate information. Questionnaires were distributed in class, and children were instructed to give the form to their parents. Parents were provided with instructions on answering the questionnaire via telephone or message. The team ensured that children would bring back the answered questionnaire to school. When all of the questionnaires were handed in, researchers would collect them from each class, and quality control would be performed. We emphasized that the first caregiver of the child should answer the questionnaire for he or she knew the child well. If the caregivers had any questions, then they should check with the child. Questionnaire items are described as follows.
Sleep duration was assessed by the question, 'How many hours each day do you spend sleeping?' Sleep duration was categorized as <7 h, 7-9 h and ≥9 h.
Daily food intake
Fruit intake was assessed by the question, 'How many servings of fruit do you usually eat each day? One serving of fruit has the size of an adult's fist'.
Vegetable intake was assessed by the question, 'How many servings of vegetables do you usually eat each day? One serving of vegetable has the size of an adult's fist'.
Sugar beverage consumption was assessed by the question, 'How many servings of sugar beverages do you usually take each day? One serving of sugar beverage is 250 millilitres'. Sugar beverage includes soda (i.e. Coca-Cola), energy drinks (i.e. Red Bull), milk drinks, juice with sugar and other beverages that contain sugar.
Meat intake was assessed by the question, 'How many servings of meat do you usually eat each day? One serving of meat has the size of an adult's palm'.
Daily physical activity and sedentary behaviour
High level physical activity (HLPA) was assessed by the question, 'How many hours each day do you usually spend in high level physical activity? High level physical activity means activity that causes people to be out of breath, perspire and experience extreme exhaustion, such as basketball, football, carrying a heavy load etc.'.
Middle level physical activity (MLPA) was assessed by the question, 'How many hours each day do you usually spend in middle level physical activity? Middle level physical activity means activity that causes people to mildly perspire and experience slight exhaustion, such as bicycling, playing table tennis, badmintonetc. but not walking'.
Walking was assessed by the question, 'How many hours each day do you usually spend in walking? Walking includes those that happened at school, home, commute between school and home, and for exercise'.
Sedentary behaviour was assessed by the question, 'How many hours each day do you usually spend in sitting or lying still at school and home (excluding sleeping)?'
The questionnaire has not been statistically validated nor tested for reliability.
Definitions of obesity
Body mass index (BMI) was calculated by dividing weight in kilograms by height in metres squared (kg/m 2 ). Obesity was defined according to the latest Chinese criteria (Table 1 ) [17] .
Statistical analysis
Data were inputted by Epidata 3.0 software (The EpiData Association, Odense, Denmark) and analyzed by Statistical Package for the Social Sciences (SPSS, version 13, IBM Corporation, New York). Descriptive statistics were calculated for all of the variables, including continuous variables (presented as mean values and standard errors) and categorical variables (presented as proportions). The differences of categorical variables were evaluated by chi-square tests. For continuous variables, t-tests were used to evaluate gender differences. One-way ANOVA was employed to evaluate differences among sleep duration groups, and post hoc comparison between groups was performed via Student-Newman-Keuls tests. The association between sleep duration and risk of obesity was evaluated by logistic regression models, which were initially adjusted for age and gender; dietary intake, physical activity and sedentary behaviour were subsequently introduced into the model. Cluster data from 13 schools were also introduced into the model, and robust standard error was used to minimize the effect that data obtained from different schools may have. The results were reported by odds ratios (ORs) and corresponding 95 % confidence intervals (CIs). P values less than 0.05 were considered statistically significant. 
Results
Baseline characteristics of the study population
The sample comprised 8,760 children aged 6-18 years (mean 11.42 years, 49 % boys). The baseline characteristics of the participants, such as anthropometry, dietary intake, physical activity/sedentary behaviour, sleep duration and prevalence of obesity, are described (see Table 2 ). Compared with girls, boys had higher mean values of height, weight, BMI, daily intake of foods (vegetables, meat and sugar beverages) and physical activity (all p < 0.05, Table 2 ), but lower mean value of sedentary behaviour (p < 0.05, Table 2 ). The overall prevalence of obesity was 8.4 % (9.8 % in boys, 5.7 % in girls, p < 0.001). In total, 17.9 % of the participants reported sleep duration less than 7 h, whereas 23.1 % reported more than 9 h each day. More girls had shorter sleep duration than boys (see Table 2 ). The trend showed that children tend to have less sleep hours as they grow up (see Fig. 1 ), and gender-specific patterns are similar in boys and girls.
Sample characteristic across sleep duration groups
Compared with children who had long sleep duration (LSD, >9 h/night), participants who had short sleep duration (SSD, <7 h/night) had increased age, height, weight and BMI (all p < 0.05, Table 3 ). For dietary intake, SSD children had a lower daily intake of fruit (p < 0.05, Table 3 ) but a higher daily intake of meat and sugar beverages (both p < 0.05, Table 3 ) compared with LSD children. For physical activity, daily high level physical activity (HPLA) time and middle level physical activity (MPLA) time were both shorter in SSD children than in LSD children (both p < 0.05, Table 3 ), whereas daily walking and sedentary time were both longer in SSD children (both p < 0.05, Table 3 ). In total, the prevalence of obesity was age-and gender-dependent (see Table 3 ) and significantly different among sleep durations (p = 0.001, Table 3 ). For older boys, the prevalence of obesity was highest in MSD children, (9.1 %, p = 0.016, Table 3 ). The prevalence of obesity varied in other age and gender groups, but it did not reach the statistical significance (all p > 0.05, Table 3 ).
Association between sleep duration and obesity
According to sleep duration, the odds ratios (ORs) for obesity are summarized in Table 4 . Compared with LSD group, both SSD and MSD were significantly associated with obesity (ORs: 1.271 and 1.471, 95 % CI: 1.267-1.275 and 1.462-1.479, respectively, as shown in Table 4 ) after age and gender were adjusted, and multivariate adjusted analysis showed similar association (ORs: 1.581 and 1.328, 95 % CI: 1.572-1.590 and 1.324-1.332, SSD and MSD, respectively, as shown in Table 4 ).
Stratified by gender, SSD was positively associated with obesity in girls but inversely associated with obesity in boys (age adjusted, ORs: 1.605 and 0.655, 95 % CI: 1.594-1.615 and 0.641-0.669, respectively, as shown in Table 3 ). MSD was positively associated with obesity in both genders (age adjusted, ORs: 1.207 and 1.313; 95 % CI: 1.201-1.214 and 1.307-1.318, boys and girls, respectively, as shown in Table 3 ). When multivariate adjusted (including age, dietary intake and physical activity/sedentary behaviour), the ORs of the groups were 1.235 (95 % CI: 1.229-1.242), 0.700 (95 % CI: 0.685-0.716); 1.391 (95 % CI: 1.385-1.397) and 1.725 (95 % CI: 1.714-1.736) (boys: MSD, SSD; girls: MSD, SSD, respectively, as shown in Table 3 ).
Stratified by age and gender, SSD was positively associated with obesity risk in older boys but inversely associated with obesity risk in younger boys (ORs: 1.331 and 0.603; 95 % CI: 1.297-1.365 and 0.551-0.660, respectively, as shown in Table 3 ). For girls, SSD was positively associated with obesity in both older and younger age groups (ORs: 2.868 and 1.748; 95 % CI: 2.826-2.909 and 1.728-1.768, respectively, as shown in Table 3 ). For boys with MSD, the association between sleep duration and obesity risk was stronger in the older group than in the younger group (ORs: 2.220 and 1.121; 95 % CI: 2.192-2.249 and 1.114-1.127, respectively, as shown in Table 3 ). MSD girls shared a higher obesity risk than their LSD counterparts (ORs: 2.247 and 1.319; 95 % CI: 2.217-2.277 and 1.313-1.325 for older and younger age groups, respectively, as shown in Table 3 ).
Discussion
Childhood obesity has become an international epidemic as the risk of obesity-related morbidity increases in different countries. Considering the long-term potential complications of obesity, identifying the different etiologies of this disease is increasingly underscored [18] . Sleep duration is related to obesity [18] [19] [20] [21] and influenced by numerous factors, such as gender, age, physical activity and dietary intake. However, information on this phenomenon is limited, particularly in the Chinese population. Using a cross-sectional survey on 8,760 children, we determined that the prevalence of childhood obesity was 8.4 % in the urban area of China, and was higher in boys than in girls. Moreover, sleep duration decreased as children grew. Most importantly, short sleep duration was related to the increased risk of obesity in girls and 13-to 18-year-old boys, whereas the decreased risk of obesity was found among boys aged 6-12 years. Generally, the results of this study suggest that the association between sleep duration and obesity is age-and gender-dependent, and pre-puberty boys can present an interesting population for further investigation. Compared with the other well-known risk factors of obesity, such as parental obesity, TV viewing, socio-economic status and physical activity, short sleep duration was reported to be an independent risk factor of obesity [22] . The recommended sleep duration for a child is 9-11 h per night [23] . However, in the current study, more than half of the 6-year-old children could not get 9 h of sleep per night. Moreover, insufficient sleep became more serious with increasing age, and nearly 100 % of the children slept less than 9 h per night at age 18 (see Fig. 1 ). Epidemiological evidence shows that short sleep duration is associated with obesity, metabolic diseases and all-cause mortality [24] . Additionally, short sleep duration is linked with stress reaction [25] . As a stressor, long-lasting daily short sleep activates oxidative stress and systematic inflammation, which may finally induce the onset of chronic [26] . Hence, proper sleep duration is critically important for the long-term health of children.
Although the association between short sleep duration and child obesity has been reported by cross-sectional studies, the underlying mechanism remains unclear. The imbalance of energy intake and expenditure is currently considered the most plausible reason for the increased risk of obesity of short duration sleepers [27] . Energy intake is regulated by ghrelin and leptin, which have opposing functions in appetite regulation [28] . Ghrelin stimulates hunger and increases food intake, whereas leptin suppresses appetite and improves energy expenditure [28] . Laboratory studies revealed that short sleep could increase ghrelin level and decrease leptin level in the human body, which may alter eating habits and eventually predispose weight gain and obesity in the future [28] .
In this study, we observed the increased intake of meat and sugar beverages for children who had less than 7 h sleep (see Table 2 ). Although we did not test the ghrelin and leptin levels of participants, our results supported the laboratory findings of appetite hormone. Our findings are also consistent with epidemiological studies that reported the association between less sleep and more consumption of high-calorie food [29] , such as sugar beverages [30] . Moreover, energy is believed to contribute to the association between short sleep and obesity. Insufficient sleep with increased fatigue and daytime sleepiness would eventually reduce the motivation to exercise [11, 31] . Additionally, sedentary behaviours, such as TV viewing and playing video games, proved to be important lifestyle factors of childhood obesity [32] . In our study, children with short sleep duration had less HLPA and MLPA, but more walking and sedentary behaviour time (see Table 2 ), which supported the aforementioned points. Several studies have explored the U-shape association between long or short sleep duration and obesity. However, when sleep duration is a continuous variable, the U-shape can be tested more easily. Considering that sleep duration is a categorical variable in our study, the U-shape association cannot be ruled out. Numerous studies have reported that gender affects the relationship between short sleep and overweight/obesity [33] . For instance, several studies have suggested that the effect of sleep duration on obesity was only present in females with greater sleep debt [34] . A widespread belief is that females require less sleep hours than males [35] . We also determined that more girls had less than 7 h of sleep duration than boys (see Table 1 ). Given that the current study showed a significant obesity risk for girls with short sleep, less than 7 h of sleep duration is sufficiently short to predict the higher risk of obesity in females. Furthermore, our findings indicated that girls with less than 7 h of sleep duration had longer sedentary time, which explained the reason for higher risk of obesity.
Compared with girls, boys had a different pattern in the association between sleep and obesity. The results of this study revealed that pre-puberty boys (aged 6-12 years) with less than 7 h of sleep showed a decreased risk for obesity. From the perspective of energy intake and expenditure, sleeping reduces the basic metabolic rate and energy expenditure [36] . Considering that boys require more sleep hours than girls [35] , less than 7 h of sleep for boys may be extremely short, which could induce more energy expenditure compared with girls. We also found that obesity prevalence among boys aged 13-18 years was higher in the 7-9 sleep-hour group than in the 7 sleep-hour group. Extra energy expenditure occurs in longer waking up time as well. Collings et al. [37] concluded that adiposity was inversely associated with sleep duration among adolescent boys, but not girls, which further confirmed the gender-specific effect. The preceding speculation indicates the worthiness of exploring the mechanism of short sleep effect on obesity from the perspective of energy intake and expenditure in the future.
In addition to gender, puberty seems an important factor in the effect of obesity. In the dynamic developmental period of physical and sexual development, adolescents require adequate time of sleep. However, no difference was found between the period of prepuberty and puberty in females in this study. For boys, puberty induces a dramatic change, and less than 7 h of sleep could turn from a protective factor to become a risk of obesity. However, the role of puberty is unclear in the effect of sleep on obesity among boys. We speculate that rapid endocrine and metabolic change during puberty might be one reason. Additionally, the requirement of sleep time in girls is relatively shorter compared with boys; thus, the influence of short sleep duration on boys is more obvious [35] . The inner mechanism that puberty changes the pattern of sleep and obesity is warranted.
Other aspects may affect the association between obesity and sleep duration. Later bedtime is regarded as a risk factor of increased BMI [38] , even if sleep duration remains the same. Sleep quality should be considered as well because poor sleep quality can be a risk factor of obesity [39] . Sleep apnea can be an independent risk factor of obesity [40] . However, obesity-related sleep apnea could result in sudden awakening at night and decrease sleep duration. Although Colings et al. [15] previously reported the lack of association between adiposity and changes in sleep duration from mid-to late adolescence, the reverse causality of the association cannot be ruled out. As a cross-sectional study, we did not aim to explore the causality, but our findings may help enhance the understanding on the association itself, such as potential gender-specific effect.
The population in our study consists of children in the urban area of Guangzhou. Guangzhou is the third largest city in China, which is located along the south coast. With regard to economic development, cities along the east and south coast are more developed relative to inland and west cities of China; consequently, the average income is higher in Guangzhou. Additionally, cities in the south differ from those in north China in terms of lifestyle (i.e. diet preference), which may potentially affect the external validity. In conclusion, our study can be representative when referring to children in urban cities in southern China.
Several limitations are found in this study. Given that the study was conducted in a cross-sectional manner, the causal pathways underlying the observed relationships could hardly be detected. The questionnaire has not been statistically validated nor tested for reliability; thus, potential bias cannot be excluded. Sleep duration was reported by the parents of children under nine years old, which sometimes could be an ideal sleep duration that the parents think their children had other than the latter's actual sleep duration [41] . Children older than nine years personally reported the information, which may have self-reported bias. In addition, nearly 25 % of participants either failed to complete the anthropometric procedure or refused to answer the questionnaire. Obese children felt might feel embarrassed to be weighed, which may induce a relatively low prevalence of obesity. Thus, the excluded subjects may have a higher rate of obesity. An objective technique is considerably useful in conducting sleep research and generally deemed to be the optimal manner. Although diverse lifestyle behaviours were adjusted, residual confounding remained in the models because of methodological imperfection, which may compromise the results.
Conclusion
Overall, short sleep duration is associated with obesity among children. Short sleep duration increases the obesity risk for girls and 13-to 18-year-old boys, but decreases the obesity risk for boys aged 6-12 years in the urban area of China. Data suggest that age and
